Tax evasion can have important consequences for the macroeconomic and social balance of a country, as well as for its monetary and fiscal development. A limited number of studies dealing with the consequences for fiscal imbalance are present, but their objectives vary a lot. This analysis has been conducted with the purpose to empirically assess the impact of the tax evasion changes on the public debt in the 28 EU countries. The research considers the dynamics of public debt during the period of 21 years. The research is based on a probabilistic sensitivity analysis approach that was conducted individually for four clusters using @Risk of Palisade Decision Tools Package. The analysis showed a negative correlation between the tax evasion and the public debt, where the growth of the tax evasion is connected with the decrease of the public debt in a given country. The extent of the effect varies depending on the country, or more precisely on the groups of countries and is conditioned by other macroeconomic variables.
Introduction
The empirical studies (such as Jílek, 2011; European Commission, 2014 etc. ) confi rmed that despite the growing revenues in recent years, also the government expenditures are showing an upward trend. The question of the persistent fi scal imbalance, in its short-term as well as in a long-term form, represents a crucial topic for governments of many world countries that are requesting an immediate, but durable solutions. One of the signifi cant determinants of the fi scal development and one of the most discussed areas for an improvement in taxes collection, represents a higher control and better understanding of the tax evasion, and its impact on the government defi cit and consequently on the public debt.
Some authors (such as Sarac and Basar, 2014; Prinz and Beck, 2012; Bajada and Schneider, 2005, etc. ) mainly point out the negative effects of the tax evasion (as part of the shadow economy) in the form of destabilization of economic and social balance and macroeconomic, monetary and fi scal development disturbance. On the other hand, authors such as (Orviska, 2013; Mara, 2012; Fassmann, 2007; Eilat and Zinnes, 2002; Uzunoglu, Yuruk and Atakisi, n.d.) describe a positive effects of the tax evasion on economic recovery, GDP growth and mitigation of risks in the economic activities. As authors state, the tax evasion as a part of shadow economy can support the competitiveness of the country, increase employment and provide resources to offi cial economy.
In the context of the fi scal imbalance, various studies such as Cicek and Elgin (2011) or Aizenman, Kletzer and Pinto (2007) point out the tax evasion impact on the level of the public debt in a specifi c country. Authors (such as Sarac and Basar, 2014; Prinz and Beck, 2012) state that, in the context of public debt effects, a country with larger tax evasion should exhibit a larger debt-to-GDP ratio. In addition, countries with larger tax evasion should rely more on fi nancing public expenditures by the infl ation tax. Despite the adverse effects, the tax evasion has some positive side-effects, which is the ability to absorb potential economic and political shocks, as a reserve of fl exibility that can support the fi scal development of the country. The positive effect of tax evasion is presented by authors such as Mara (2012) ; or Eilat and Zinnes (2002) . Activities in the shadow economy, that include tax evasion, represent, especially in time of crisis, a "social safety valve", that can be an important source of national product's growth that contributes to debt-to-GDP ratio decrease.
Based on the example of presented research the tax evasion affects the public debt of a country through various channels and in many different ways, what can create a space for its empirical assessment.
Objective, Methodology of the Research and Data
The main objective of this research is to examine the impact of changes in the tax evasion on a long-term fi scal imbalance in the 28 EU countries using a probabilistic sensitivity analysis. The sensitivity analysis has been conducted with the purpose to empirically assess the extent of the changes in the long-term fi scal imbalance (represented through the general government consolidated gross debt as an indicator) under the impact of changes in the tax evasion (represented through the estimations of shadow economy indicator) during the period 1995-2015 in 28 EU countries.
Tax evasion is often confused by the term tax avoidance. Despite the fact, that both tax evasion and tax avoidance represent two considerably signifi cant determinants of tax collectiveness reduction and signifi cant issues that are getting into the spotlight of economic leaders in relation to solving short-term and long-term fi scal imbalance, do these two parts of the shadow economy differ from a legal, intentional as well as a time point of view? This fact contributes to different approaches for measuring of their explanation, extent, consequences and resolution. Therefore, the authors usually treat them separately (e.g. Alm, 2012; Schneider, Raczkowski and Mroz, 2015; Raszkowski, 2013; Henry and Sansing, 2014; Guenther, 2014, Dyreng, Hanlon and Maydew, 2008, etc.) .
For the purpose of this article tax avoidance is defi ned as a legal tax reduction enabling national and international companies in the legal framework to optimise their tax liability. On the other side, the tax evasion is defi ned as an illegal tax reduction activity that represents a "bigger challenge" for governments in its identifi cation and elimination of tax frauds.
Despite the importance of tax avoidance, this research is focussed only on the tax evasion measured by the size of the shadow economy. The extent of tax evasion is measured by different approach application, mostly including the evasion measurements via the shadow economy (Alm, 2012) , and most often it is reported as a percentage of GDP. When examining the shadow economy, we must have in mind that there is a lack of reliable information on taxpayer compliance, and therefore, to some extent, the data can be misleading. To overcome these issues only available reliable shadow economy (and thus of the tax evasion) estimates for all 28 EU countries for the period 1995-2015 were taken from the empirical research carried out by Schneider (specifi cally Schneider and Enste, 2000; Schneider, Buehn and Montenegro 2010; Schneider, 2012 and Schneider, 2015) . These data were used. Due to the incomplete data for the period 1995-1998 in case of some European countries, missing estimates were calculated as a moving average of three consecutive years.
The shadow economy estimates constructed by Schnieider and Enste (2000) are based on the Multiple Indicators Multiple Cause method (MIMIC) and are considered as a latent variable, which are related to causal variables -its key factors, and related to indicative variables derived from the latent variable. Despite these issues the method is considered to be the most commonly used and the most trusted one (Schneider and Williams, 2013; Schneider, Rackowski and Mroz, 2015) .
The basic assumption of the analysis is that the long-term fi scal imbalance is negatively correlated with the extent of the tax evasion in the country. From the fi scal point of view, we suppose that the tax evasion growth is connected with a decrease of the public debt in a given country. This assumption about the inverse relationship (the higher tax evasion tends to lower public debt) between these two variables is based on the above mentioned theoretical and empirical research, as well as on the results of the previous analysis in the form of correlation analysis (Pavlikova and Kralik, 2014) , which identifi ed a negative relationship between the tax evasion and public debt in 75% of the 28 EU countries. This assumption is based also on the results of the panel regression analysis, which pointed out a negative correlation with the short-term fi scal imbalance. To verify the stated assumption, the following Equation 1 of the public debt dynamics was set up:
where: Δd t change in debt ratio at the time t, d t−1 value of the public debt at the time t−1 (i.e. the value of the inherited debt burden from the previous year), d level of debt expressed as % of GDP. pb t primary balance at the time t, expressed as % of GDP, which refl ects the increase in debt due to the government's fi scal policy, i t interest rate on the debt at the time t, g t nominal GDP growth.
The secondary data on these indicators were obtained from the AMECO database, in line with the ESA 2010 methodology, for the 28 EU countries for the period 1995-2015 1 . Bispham (in Boskin, Flemming and Gorini, 1987) states that the share of the relative weight of the debt depends on the relationship between the interest rate (i t ) and the economic growth (g t ). For simulation purposes is the model structure represented by the condition (2). An increased sensitivity of the debt size on the changes of its main determinants (implicit interest rates, the nominal GDP growth and the debt value in the previous year) is expected. 
. (2) In the event that the interest rate is higher than the growth rate of product, the relative weight of the public debt signifi cantly depends on the value of the primary balance (pb t ) and on the debt level from the previous year (d t−1 ).
The probabilistic sensitivity analysis was carried out in individual countries' clusters that resulted from the conducted cluster analysis (as the fi rst part of research). The purpose of this exploratory classifi cation tool was to defi ne an economically transparent and meaningful categorisation of the European Union member countries and to assess the similarities and differences of fi scal imbalances and the level of the tax evasion of countries. The motivation for this econometric techniques was the possibility to extract useful information, discover structures or certain patterns in a dataset and verify the assumption based on the countries' homogeneity in the primary balance and the level of tax evasion with a logical structure and ease of interpretation. The advantage of chosen clustering method was that it shows the high level of versatility and can produce multiple nested partitions organized as a tree (called a dendrogram), which allows user to choose different partitions based on the desired level of similarity (Suzuki & Shimodaira, 2006) .
Cluster analysis was based on fi ve weighted and normalised segmentation criteria (GDP growth, defi cit, debt, FRI and tax evasion) and conducted through hierarchical Ward's method with Euclidean distance (Kralik, Mihokova, Kovač, 2016) . The segmentation criteria represent secondary data obtained from the AMECO database in line with the ESA 2010 methodology and from the empirical researches of Schneider, for the 28 EU countries for the period 1995-2015. Selected time period provided a suffi ciently long period to avoid any short-term fl uctuations in any of selected criteria, which ensures that the fi nal clusters refl ect realistic and not only random similarity of the countries within.
1
The characteristics of all used variables including units of measurement and in line with the used database are presented in Appendix.
The sensitivity analysis also took into account the results of the panel regression analysis conducted for all identifi ed clusters (as the second part of research). For the purpose of empirical assessment of the tax evasion impact on the development of the short-term fi scal imbalance a panel regression analysis was used. This motivation of the panel regression application was conditioned by the dataset involving two dimensions, which represent a cross-sectional time-series data and by the purpose itself to analyse changes over time, to estimate trends in social phenomena and to estimate a causal model. The econometric techniques used were conditioned by several advantages including ability to take into account individual heterogeneity of parameters and include variables at different levels, ability to more accurate inference of model parameters, uncover dynamic relationships as well as control or remove the impact and problem with the omitted variables (McManus, 2011; Torres-Reyna, 2007; Hsiao, 2007) . Panel regression analysis allowed us also to generate more accurate predictions for individual outcomes, analysis of non-stationary time series and to capture the complexity of research problem.
Equation 1 expressing the public debt dynamics, which was the base for the sensitivity analysis, includes parameter primary balance (pb t ). The value of the variable primary balance (pb t ) was determined through the conducted model of the panel regression analysis. The econometric model (3) has been designed to consider the impact of tax evasion (TE i ) and a wide range of control variables (COVA k i,t ), economic and political factors (ECON l i,t ), as well as fi scal determinants (FISC j i,t ) in the pre-identifi ed four clusters.
The variables were obtained in line with the ESA 2010 methodology from the AMECO database for the 28 EU countries for the period 1995-2015.
The panel regression analysis was performed for three lagged periods (lag1-lag3) in order to assess the lagged effect of exogenous variables during the period 1995-2015 using fi xed effect model and ordinary leased squared model. Values of the primary balance (pb t ), applied in the equation of the public debt dynamics within the sensitivity analysis were calculated from the fi nal equations of the models lag1 of the regression panel analysis and lag2 (only in Cluster 2). Equations 4-7 refl ect the fi nal effect of the tax evasion and the fi nal effect of other statistically signifi cant determinants of the primary balance for all considered clusters. The statistically insignifi cant control variables, economic and political factors, as well as fi scal determinants were not included into following equations.
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Due to the uncertainty quantifi cation addressing in the input parameters and due to the confi dence intervals for point estimates capturing the model robustness was the probabilistic sensitivity analysis (PSA) selected for the research. As Baio and Dawid (2008) state, the PSA allows to consider input parameters as random quantities, where the uncertainty of the parameter's development is described by the defi ned probability distribution. The defi nition of probability distributions for model inputs in the probabilistic sensitivity analysis was carried out on the basis of input-related data and using the maximum likelihood estimator or Chi-Square test as the foundation for the distribution around the inputs. To perform the distribution selection, the fi t distributions directly to the data approach, as described by Oakley and O´Hagan (2004) , was applied. The purpose of performed sensitivity analysis was to empirically estimate the relation between selected input and output variables and to assess the extent of the changes in the long-term fi scal imbalance under the impact of changes in the tax evasion. PSA by controlling for the uncertainty in the inputs can provide unbiased results from the model also on latent variables. In this way, probabilistic models allow to control for the effects of joint uncertainty across all the parameters of the model to be considered. The sensitivity analysis, in the form of the probabilistic sensitivity analysis, has been conducted individually for each of the considered clusters in the program @Risk of Palisade Decision Tools Package.
The purpose of the PSA in the presented form was to investigate to what extent the tax evasion impacts the public debt and how much changes in tax evasion will change the public debt. The sensitivity analysis allowed to assess why the relative share of the public debt can decline despite the sustained primary budget defi cits and, vice versa, why the public debt can increase, even when the economy reports surpluses. It also allowed us to assess "the sensibility" of the change in the volume of the public debt due to the changes in the tax evasion, in the control variables and other economic and fi scal determinants and to identify the most crucial factors, whose change impact the volume of the public debt to the greatest extent.
The sensitivity analysis was in the context of methodological approach carried out in three phases. The fi rst phase of the sensitivity analysis included selection of the evaluation criterion, the method of calculation of the evaluation criterion and selection of the risk factors. As part of the selection of the evaluation criterion, we determined the variable, which would be simulated. In the case of the presented analysis, in line with the set objective, the simulated variable is represented by the general government gross debt d t . The method of calculating the evaluation criterion is clear and based on the basic Equation 2 of the public debt dynamics. The selection of the risk factors (the exogenous variables) was conditioned by the basic objective of the analysis, i.e. to assess the extent of change in the long-term fi scal imbalance due to the changes in the tax evasion and the primary balance (taking into consideration also its statistically signifi cant controls, economic and fi scal determinants from the panel regression analysis). In doing so, the presumption must be adhered that the considered factors of risk are those, whose changes are uncertain and to whose changes, the output of the simulation (the public debt) is sensitive.
In the second phase of the analysis we have estimated the probability distribution of the individual risk factors and determined the parameters of selected distributions. For each parameter (the considered exogenous factor) we estimated the probability distribution. The estimate was based on the objective determination of the probability distribution using the tool Palisade tools best Fit, which identifi ed the most appropriate distribution of the probability for a given variable based on the entered existing values as stated by Oakley and O´Hagan (2004) . Due to the absence of forecasted values of the individual variables (with the exception of some macroeconomic variables), we applied the best fi t tool on the existing historical data used in the previous analysis. The selection of the appropriate probability distribution was made based on the Chi-Square test, which compares the individual expected frequencies (determined by the expected distribution), with the actual observed frequencies from the sample data. The objective determination was also supplemented with the subjective determination of the probability distribution, taking into consideration the extent of our personal beliefs in the incidence of a certain phenomenon.
The third phase represents the simulation itself. The process of random selection of specifi c values of risk factors from predefi ned distributions was performed through the Sampling function Latin Hypercube, with Mersenne Twister, the generator of the random variables, with the initial random seed. The Latin Hypercube was chosen instead of the Monte Carlo function due to a lower number of iterations (40.000). Also the Latin Hypercube (unlike the Monte Carlo) ensured the uniform and steady selection across the entire probability distribution of the risk factor. The programme generated the values of risk factors from their probability distributions (created a certain scenario) in each simulation step (40.000) and recalculated the model of the public debt change. Randomness and the objectivity of the entire simulation were ensured by the Mersenne Twister, which is already mentioned generator of the random variables. For presentation of the results Tornado diagram and spider diagrams were used.
Results of Research

Results of cluster analysis
The cluster analysis is an important exploratory data-mining tool, which is used in many research (e.g. Andrejovska, 2014; Vasiliauskaite and Stankevicius, 2009, etc.) . In presented research the cluster analysis grouped 28 EU countries into four clusters with an assigned level of homogeneity and with an emphasis on their fi scal situation and the level of tax evasion.
The fi nal clusplot of clustering and fi nal map of EU member countries into 4 clusters, based on fi ve weighted and normalised segmentation criteria (GDP growth, defi cit, debt, FRI Sweden and tax evasion) conducted through hierarchical Ward's method with Euclidean distance are shown in Figures 1 and 2 .
Based on the cluster analysis results, the Cluster 1 consists of three countries (Belgium, Greece and Italy). These countries are characterized by the highest value of the public debt compared to the other clusters. The median public debt of this cluster is at the value of 111.781% of GDP, which is actually a three times higher debt than the level of the longterm fi scal imbalance in the Cluster 2. The group of these countries reported the highest tax evasion at 20.067% of GDP and the slowest economic growth at 2.913%.
The countries in the Cluster 2 are Bulgaria, Estonia, Cyprus, Latvia, Lithuania, Hungary, Romania and Slovenia. The cluster of these countries is characterized by a median public debt of 30.092% of GDP, which compared to the other clusters represents the lowest level of debt, but also the highest value of tax evasion at 27.120% of GDP. The GDP growth is the highest among the clusters, with the value of 8.948% of GDP.
The Cluster 3 consists of nine countries (the Czech Republic, Ireland, France, Croatia, Malta, Poland, Portugal, Slovakia and the United Kingdom). The median value of the public debt of the countries in this cluster was at 55.616% of GDP, the level of the tax evasion was at the second highest value among the clusters at 22.020% of GDP and the economic growth at 6.463% of GDP.
The Cluster 4 is formed by the following eight countries: Denmark, Germany, Spain, Luxembourg, the Netherlands, Austria, Finland and Sweden. Countries are characterized by the median value of the public debt at 53.577% of GDP (which is the second highest level of debt compared to other clusters), the lowest estimated size of tax evasion among the clusters at 17.853% of GDP and with an economic growth at 4.017% of GDP. 
Results of sensitivity analysis: the effect of tax evasion
The basic assumption of the simulation analysis is that the long-term fi scal imbalance, measured in the form of gross government debt is negatively affected by the tax evasion in a country. In the other words, we expect a negative correlation between variables, which means that between variables inverse relationship exist (the growth of tax evasion leads to the decrease of public debt). This assumption is conditioned by the reasons described in methodology of the research.
Values of the primary balance (pb t ), applied in the Equation 1 of the public debt's dynamics within the probabilistic sensitivity analysis were calculated from the fi nal equations of the models lag1 (as the methodology chapter states). Results of the concluded analysis based on the PSA results in the Cluster 1, Cluster 3 as well as in the Cluster 4 are in line with the formulated assumption.
As shown in the tornado diagram ( Figure 3 , 7 and 9), the public debt in Cluster 1, Cluster 3 and Cluster 4 is sensitive to the changes in the tax evasion. The growth of the tax evasion is associated with a decrease of the public debt in a country. This fact is proven by the fi nal value of the regression coeffi cient tax evasion, from which it can be presumed that a change of tax evasion by one per cent causes a small decrease in the level of the public debt by 0.05 per cent (in Cluster 1) and by 0.03 per cent (both in Cluster 3 and 4). Despite the fact that the value of the regression coeffi cient is close to zero, based on the results can be stated, that the impact of tax evasion on the change of the public debt can be described as very weak, rather neutral, overall with a negative (inverse) relationship.
The effect of changes in the tax evasion on the public debt has also been confi rmed from the dynamic point of view, which can be observed in the spider diagram (Figure 8 ). All scenarios of the tax evasion parameter increase have led to a decrease of the debt (a negative linear downward trend). This fact was confi rmed for two other clusters: Cluster 3 and 4. Due to the limited versions of the software used and very small values of the regression coeffi cients, the scenarios of the development of changes in the tax evasion on the public debt could not be displayed in spider diagrams for all clusters. All results are consistent with the identifi ed negative correlation in 100% of the Cluster 1 cases, 75% of the Cluster 3 and 4.
The difference of the Cluster 2 in relation to the conducted sensitivity probabilistic analysis was that the risk factor primary balance (pb t ), which entered the equation of the public debt dynamics (Equation 1), included the fi nal impact of the determinants on the model lag2. The reason was that the determinant tax evasion was not selected as statistically signifi cant in the model lag1, unlike in the other clusters. However, as the purpose of the analysis was to assess the effect of changes in the tax evasion on the public debt, we used the equation for pb t , obtained from the model lag2.
The most important fi nding of the conducted simulation in Cluster 2 can be considered the fact that the assumption on the change of the public debt due to changes in the tax evasion was not confi rmed. Based on the results, the effect of the tax evasion on the longterm fi scal imbalance is not present. This effect can be explained through activities impacting both, the government revenues, as well as the government expenditures (e.g. Toder, Nunns and Rosenberg, 2012; Schneider, 2004; Malička, Harčarikova, Gazda, 2012; Manolas, Rontos, Sfakianakis and Vavouras, 2013; Chianini, Marzano and Schneider, 2008) . As Auerbach and Slemrod (1997) state the considerable fact should be that timing and other evasion behaviours are behaviours most responsive to tax changes, while changes in real productive activities are actually the least responsive.
Results of sensitivity analysis: the effect of economic variables
The results of the simulation show the signifi cant effect of changes in three determinants of the debt, namely the nominal growth of GDP (g t ), the implicit interest rate (i t ) and the level of the previous debt (d t−1 ) in all four clusters. Coeffi cients of all stated factors are within all clusters in line with the empirical assumptions.
The results of the conducted simulations allowed to identify the most important factors, whose changes infl uence the volume of public debt in the countries to the greatest extent. The biggest change of the public debt occurs due to the infl uence of the GDP growth. According to the results of the regression coeffi cient, the increase of the nominal GDP by one per cent might lead to a decrease of the public debt by from 0.65-0.81 per cent within all four clusters.
This signifi cant negative correlation is visible also on the spider diagram (Figure 4 , 6, 8 and 10), where the scenarios of the GDP growth illustrate a decline in the public debt through the inversion function (d t ) and (g t ). This result is confi rmed by many researchers (such as Mara, 2012; Mayes and Viren, 2000; Raisova, 2015; Jakubíkova, Tkačova and Banociova, 2014; Šoltes and Novakova, 2016; etc.) who state that overall economic situation of the country has a tendency to contribute to the reduction of the fi scal imbalance in the times of its boom and has a positive fi scal effects in the form of reduced debt volatility. In addition, the low economic growth is one of the major causes of the excessive fi scal imbalances within the EU.
The fi nal regression coeffi cients, expressing the sensitivity of changes in the volume of public debt to changes in the considered risk factors, refl ect that in all four clusters it is the debt from the previous season (d t−1 ) and the implicit interest rate on the debt (i t ) that are increasing the public debt. The values of the regression coeffi cients in the tornado diagram (Figure 3, 5, 7 and 9) show that the sensitivity of the public debt on the changes of (i t ) is at the value from 0.16-0.35 within all clusters and on the changes of (d t−1 ) is at the value from 0.24-0.36. The positive effect of these variables on the changes of the public debt is also confi rmed from the dynamic point of view, which can be observed in the spider diagram within all four clusters (Figure 4, 6, 8 and 10 ). All growth scenarios of the above stated parameters lead to an increase in the level of public debt, which is confi rmed by the linear upward trend. In Cluster 4 the relationship has in the case of the implicit interest rate value an exponential character. This effect is in line with the research of Tujula and Wolswijk (2004) , who state that the interest rate signalizes the costs related to the debt fi nancing in the country. High interest rates worsen the overall level of the fi scal balance through growing interest costs on newly issued debt and rolling debt. Also according to Bayar and Smeets (2009) the debt servicing costs from the previous year increase the real interest rate leads directly to worsening of long-term fi scal imbalance. The effect of previous debt ratio confi rms research of Maltritz and Wüste (2015) , who state that the dynamics of the debt ratio to GDP has a negative impact on the long-term fi scal imbalance as an increase in defi cit leads to the growth of the debt interest payments and growth of current debt.
Results of sensitivity analysis: the effect of primary balance
Values of the primary balance (pb t ), applied in the equation of the public debt dynamics were calculated from the fi nal equations of the models lag1 of the regression panel analysis and lag2 (only in Cluster 2).
The overall effect of the primary balance (pb t ) on the change of the public debt is negative in all four clusters in negative correlation meaning. Within the pri mary balance and within individual clusters, it is possible to identify the most signifi cant determinants, on changes of which the public debt is the most sensitive.
Within Cluster 1 and Cluster 2 is among such factors the infl ation (HCPI). The change of HCPI signifi cantly impacts the changes of the public debt in the countries. The increase of HCPI by one per cent causes a decrease of the debt by 0.22 per cent (in the Cluster 1) and small decrease of the debt by 0.07 per cent (in the Cluster 2). The negative regression coeffi cient is in line with the assumption and research Tujula and Wolswijk (2004) that from the view of the state as a debtor, the growing infl ation represents a positive determinant, as it undermines the real value of the nominal debt service of the state. This effect is confi rmed also from the dynamic point of view observed in the spider diagram, where all scenarios of the growth in this parameter lead to a decrease of the debt (the slightly decreasing linear trend).
In the group of control variables (in the Cluster 1 and Cluster 4), several determinants were selected as signifi cant. The index of the fi nancial freedom (FinFree) as the fi fth factor in terms of the size of the coeffi cient indicates the negative change in the public debt with the increase of the parameter fi nancial freedom (the growth of FinFree by one per cent decreases the level of the public debt by 0.19 per cent (in the Cluster 1) and by 0.08 per cent (in the Cluster 4). The result of the simulation is consistent with the empirical assumption, where the increase of the fi nancial freedom should cause a synergic effect in the interbank and business environment. As a consequence, the growth in the revenue side of budgets will allow the fi scal consolidation of the debt. The impact is also confi rmed by the dynamic scenario of the changes in FinFree, where all scenarios of the parameter's growth lead to a decrease of the debt (the linear downward trend). The same effect on the debt's change was reported within the Cluster 1 in the case of the index of monetary freedom (MonFree), whose growth should decrease the level of debt in a country (the growth of the MonFree by one per cent causes a decrease of debt by 0.08 per cent). The signifi cant factor of change in the public debt was the InvestFree index representing the freedom of the movement of investment capital (in the Cluster 2). As the results of the regression coeffi cients show in the tornado diagram (Figure 5 ), the increase of these index by one per cent decreases the level of the public debt by 0.04 per cent. Within the primary balance, the most signifi cant identifi ed determinant was the variable index BusFree (in the Cluster 3 and Cluster 4). The increase of the BusFree by one per cent leads to a low decrease in the public debt of the countries, which is confi rmed by the value of the regression coeffi cient (0.05 and 0.07). From a dynamic point of view, the individual decreases of this index have approximately the same linear impact on the changes of the debt, with a slightly decreasing trend. All stated above results are consistent with the expected effect, therefore can be stated that maintaining the suffi ciently motivating and free business and fi nancial environment, the support of the investment movements of the capital should contribute to the decrease of the debt ratio through the effects on the primary balance in the form of its improvement.
The sensitivity of the debt on the other factors: such as the share of population of the age over 65 years and over and the share of the active population (in the Cluster 1), political stability (in the Cluster 1), government effectiveness (in the Cluster 1 and 2), business freedom (Cluster 2), unemployment and control of corruption (in the Cluster 3), government spending and rule of law (in the Cluster 4) are negligible in terms of their fi nal coeffi cients and it can be concluded that their effect on the debt change is rather neutral. Coefficient value g t (D26)
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Discussion about the Effect of Tax Evasion's Results
The sensitivity probabilistic analysis confi rmed the main assumption about the negative correlation between the tax evasion and public debt. This inverse relation varies depending on the country, or more precisely on the groups of countries and is conditioned by other selected control variables, economic and political factors, as well as fi scal determinants. The verifi ed assumption is in line with the theoretical and empirical research (such as Orviska, 2013; Mara, 2012; Fassmann, 2007; Eilat and Zinnes, 2002; Uzunoglu, Yuruk and Atakisi, n.d., etc.) , who suppose that tax evasion should have a positive effects on economic recovery, GDP growth and mitigation of risks in the economic activities that contribute to the decrease of fi scal imbalance in the country. As the tax evasion represents one of the main part of the shadow economy and is measured by the estimates of the shadow economy indicator, the positive effect of tax evasion on the public debt can be explained through the knowledge about the positive consequences of shadow economy.
The fi rst positive effect of shadow economy on the public debt is connected from the economic perspective point of view with its functions as a kind of "social relief valve" where it during crises creates employment and income opportunities (Erdinc, 2016; Mara, 2012; Eilat and Zinnes, 2002; Gavurova and Šoltes, 2016) . The shadow 
HCPI ( economy represents a shelter for many unemployed, particularly during the recession. As author state, companies that operate in a shadow economy have lower production costs, hence there is an increased labour demand when compared to the registered economy. Especially in time of crisis, when as it is assumed that part of the population is currently employed in the unoffi cial sector, because the offi cial sector is not able to provide a labour supply. As the result of this increased employment, dependence on social welfare should decrease, so the expenditures of the government budget in the form of social contributions decreases. The second result of higher employment in shadow economy is that at income earned in the shadow economy is quickly spent in the offi cial economy. The fi nancial funds consumed in the formal economy lead to consumption expenditure growth and the revenues from indirect taxes growth. Many supporters therefore suppose that the shadow economy is an important source of the national product's growth and can possibly lower the public debt. The positive effect of tax evasion as a part of shadow economy is connected also with another activities impacting the government revenues side. The big corporation and high-income taxpayers that tend to engage in the tax evasion activities more easily than other taxpayers. They can afford to hire lawyers and accountants to structure their income so that they owe as little tax as possible. As the high-income taxpayers are attempting to evade high amounts of taxes, the resources spent on implementing the activities related to the tax evasion are not negligible. The resources spent on evading taxes (e.g. in the form of legal fees to lawyers and accountants, etc.) are offi cially recorded and taxed and thus they increase the government revenues.
The decrease of public debt through the tax evasion can be explained also through the timing effect of tax evasion. As Auerbach and Slemrod (1997) state, the timing and other evasion behaviours are the behaviours most responsive to tax changes, while changes in real productive activities are actually the least responsive. Then, the size of the tax evasion in a given year does not necessarily refl ect the shadow activities of that year and the impact on the budget might also be refl ected with a longer time period delay.
Additionally, Orviska (2013) explains that the shadow economy may be perceived positively by some governments in such extent that the data, that are not recorded in offi cial statistics. It leads to underestimation of the offi cial estimates of living standards. The international assistance is often based on GDP per capita, either explicitly or informally. And a similar mechanism is used within the European Union. This means that the country whose calculated GDP is undervalued, will be in a better position in obtaining the transfers and aid from the international institutions and this will balance the losses caused by the existence of a shadow economy within a certain country.
Conclusion
The sensitivity analysis conducted individually in each of the four clusters (grouping 28 EU countries based on the cluster analysis) allowed to identify factors with the impact on the public debt, with the emphasis on the tax evasion determinant.
The used probabilistic sensitivity analysis verifi ed assumption that the long-term fi scal imbalance in the form of general government public debt is negatively correlated with the tax evasion in the country in various extent. From the fi scal point of view, we have supposed that a growth of the tax evasion is connected with a decrease in the public debt in a given country. In terms of relation between the tax evasion and public debt can be concluded that tax evasion has a certain impact on the public debt of a country. This impact is in the form of negative correlation and varies depending on the country, or more precisely on the groups of countries and is conditioned by other macroeconomic variables. This main assumption has been confi rmed in three clusters (Cluster 1: BE, EL and IT, Cluster 3: CZ, IE, FR, HR, MT, PL, PT, SK and UK and Cluster 4: DK, DE, ES, LU, NL, AT, FI and SE), in which an increase of the tax evasion was accompanied by a decrease of public debt. Based on the resulting coeffi cients´ values can be stated that in the case of Clusters 3 and 4 an identifi ed fi nal inverse relationship between the tax evasion and public debt was relatively weak, that supports a neutral relationship. The analysis showed no correlation of the tax evasion with the public debt in the countries grouped in the Cluster 2 (BG, EE, CY, LT, LV, HU, RO, SI). Among other identifi ed signifi cant factors were included: the nominal GDP growth (with the negative correlation effect in all four clusters), the implicit interest rate from the debt and the debt from the previous year (with a positive correlation effect) and some factors, which infl uence primary balance (the business freedom, unemployment rate and infl ation) regardless of their inclusion in the group of control, economic or fi scal parameters (with a negative correlation effect ).
Based on the conducted analysis it can be concluded that fi ndings on the relationship between the tax evasion and long-term fi scal imbalance are relevant and are in in line with the theoretical and empirical research. It can be assumed that the resulting (unexplained) variability of the public debt can be explained by random failures and might be affected by several process-related factors, such as the use of estimated values (measuring the size of the tax evasion), the selection of segmentation criteria (used in the cluster analysis), the problems with the biased variables and lag time delays (in the panel regression analysis), or the use of the approximated equation of the public debt's dynamics (in the sensitivity analysis). These issues together with the economic fact that the issue of the tax evasion (including their estimated extent and their impact on the long-term fi scal imbalance represents) is a complex problem pointing to the necessity of its empirical assessment. Therefore, it is appropriate and desirable to extend the analysis of the tax evasion's impact on the fi scal imbalance in the future.
